Almost since their discovery gap junctions have attracted attention as possible means by which cell growth and cell development could be controlled since they provide for direct cell-cell communication (Potter et al, 1966; Loewenstein, 1968; Sheridan, 1968; Crick, 1970; Bennett, 1973) . A corollary, of course, is that gap junctions play an important role in embryogenesis. This idea is made especially appealing by the fact that the junctions appear early (Slack and Palmer, 1969; Tupper and Saunders, 1972; Bellairs et al., 1975; Ducibella et al, 1975; Lo and Gilula, 1979; Hanna et al., 1980; Turin and Warner, 1980; Goodall and Johnson, 1982; McLachlin et al., 1983) and that there is often a close temporal correlation between changes in the junctional complement and important embryological events (Revel et al., 1973; Warner, 1973; Tickled al., 1975; Kelley and Fallon, 1978; Lo and Gilula, 1979; Pitts, 1980) . My presentation summarizes the changes that take place injunctions at various stages and critically evaluates the significance of these changes in terms of development.
GAP JUNCTION STRUCTURE
Gap junctions (nexus [Dewey and Barr, 1962] , macula communicans [Simionescu et al., 1975] ) consist of patches of "connexons" or intramembrane particles in the plasmalemma of individual cells. Connexons in one membrane match across the intercellular space with a similar patch on the opposite cell membrane (Robertson, 1963; Revel and Karnovsky, 1967; Payton etal., 1969; Goodenough and Revel, 1970; McNutt and Weinstein, 1970; Zampighi, 1980) . Connexons meeting end to end form a channel allowing the passage of ions and other small molecules between cells. The molecular weight cutoff in mammalian cells seems to be about 800 daltons and somewhat more in invertebrates (Simpson et al., 1977; Brink and Dewey, 1980 ). There does not seem to be very much selectivity until molecules near the molecular weight cutoff-are tested. In mammalian systems most junctional proteins which have been analyzed have molecular weights between 25,000 and 30,000. Six protein subunits form the wall of a connexon in liver. The subunits line a central pore which, along with the corresponding structure in the adjacent membrane, acts as the channel Makowski etal, 1977; Unwin and Zampighi, 1980) . The constituent proteins of junctions from different organs (Hertzberg et al, 1982; Manjunath etal, 1982; Gros etal, 1983; ) differ but there is good evidence for conservation between species. There is also data which suggest that some of the determinants must be the same even in different organs since antibodies produced agains liver junctions seem to crossreact with junctions from a wide variety of tissues as well as organisms (Hertzberg, 1980; Traub et al, 1982) . Whatever the differences between the junctions it is believed that while the primary sequence of amino acids may not be conserved, there will be sufficient conservation of domains within the protein to allow for the formation of functional transmembrane channels even in instances of widely differing cells (Michalke and Loewenstein, 1971; Epstein and Gilula, 1977) . The significance of all those differences is far from clear at the present time, but could underlie physiologically and/or developmentally important properties.
STUDY OF JUNCTIONS IN EMBRYOS
Cell contact and cell interactions seem to play important roles during embryonic development. Although there are many instances in which gap junctions seem to be involved in these phenomena it is by no means established that all cell contact and cell interactions in the embryo take place by means of gap junctions. In studies aimed at denning the role of junctions, one must be very critical in interpreting the data. Even where junctions appear implicated by their presence at the appropriate time, one must remember that morphologically recognizable junctions only indicate the possibility of exchanges between cells (see Revel and Brown, 1976) . Even electrophysiological evidence of the patency of particular junctions does not prove that communication is taking place; only that it could. Only by understanding the permissive or instructive "messages" exchanged in tissues in which there is physiological coupling along with morphological evidence for junctions can there be a clear statement of causality. Many researchers have suggested there may be a link between junctional morphology and function Peracchia, 1977; Peracchia and Peracchia, 1980a, b; Bernardini and Peracchia, 1981; Unwin and Ennis, 1984) . While there are some rather striking results supporting this idea, there are also a number of observations (Raviola etal., 1980; Hannah al, 1984) which indicate that this might be a dangerous practice from which it would seem best to refrain at the present time. Junctional appearance can be very misleading. There are even instances where coupling exists in the absence of morphologically detectable junctions (Meyer et al, 1981; Williams and De Haan, 1981) .
TYPES OF JUNCTIONAL INTERACTIONS DURING DEVELOPMENT
Just about any of the imaginable changes in junction appearance or permeability have been reported in the literature. It was proposed early that upon losing connections (Dixon and Cronly-Dillon, 1972; Fujisawa et al., 1976; Jacobson, 1976; Hayes, 1977; Ginzberg and Gilula, 1979) with each other cells can be permitted to follow different developmental pathways (Loewenstein, 1968) . Great care must be used, however, in applying this dictum: disappearance of gap junctions or of coupling could represent a developmental consequence rather than cause. Furthermore, even in instances where there seems to be a thorough understanding of the events that are taking place, the postulated sequence of events may not be the only one that could account for the results Lawrence et al., 1978; Eppig etal, 1983) .
In many instances the junctions actually do not disappear but change in number or in relative surface area. Junctions have been shown to change number during liver development (Meyer and Overton, 1983) and after hepatectomy (Yee and Revel, 1978; Yancey et al, 1979; Meyer et al, 1981) . Particularly intriguing are the instances of hormonally induced changes (Decker, 1976; Dahl and Berger, 1978; Garfield et al, 1980; Decker, 1981) in the junctional complement. Vitamin A, well known to have multiple effects during development (Maden, 1982) , seems to affect junctions very dramatically (Elias et al., 1980) . Besides modulation in the number or size of junctions there are also many instances of physiological modulation. For example, electrotonic coupling may be preserved even though passage of higher molecular weight compounds, such as dyes, is reduced. Theoretically, modulation of junction permeability would be an interesting way to control developmental fate, but again great caution is required in interpreting the results, since technical artifacts have been observed (Bennett et al, 1978) .
In the instances quoted, nothing is known about possible changes in junctional proteins which might accompany morphological or physiological modulation: it is assumed that the same protein is being expressed at different times. There are, however, some highly suggestive examples of changes in the type of protein which is being produced. Perhaps the best documented example is that of the anterior epithelium of the lens, in which the cells differentiate into lens fibers and change junctional properties and probably protein as well (Benedettie<a/., 1974; Schuetzeand Goodenough, 1982) .
One need not assume that there are changes in the junctional complement to account for differentiation. There are models which have been proposed in which the junctions may play their role in a "static" fashion. In cell populations linked by junctions, morphogens of various sorts may be transmitted or exchanged, giving rise to positional information needed for the differentiative process (Crick, 1970; Summerbell et al., 1973; Caveney, 1974; Lawrence and Green, 1975; Warner and Lawrence, 1982; Weir and Lo, 1982; Meinhardt, 1983) . Thus, establishment of compartmental boundaries may be linked to the presence of junctions whether or not there are discontinuities in junctional permeability. Morphogens, like those presumed to play an important role in hydra development (Schaller, 1973) , also may pass between cells via gap junctions (Wood and Kuda, 1980; Fraser and Bode, 1981) . A particularly interesting discovery is the fact that under some circumstances junctional permeability is a bistable property. Junctions can be switched either off or on by appropriate fluctuations of membrane potential and remain so until another appropriate signal is passed (Spray et al., 1979) . Thus, differing patterns of communication may be established within a tissue and "remembered." In addition to this, junctions may also form in a very transitory fashion. This has been documented clearly in the development of the nervous system where neuroblasts make contact with neighboring cells as their growth cones seek their way (Lopresti et al., 1974; Goodman et al., 1982) . These contacts may or may not persist.
CONCLUSION
An interesting natural history of junctions during development is emerging. There are many difficulties in interpretation, and some sugar is necessary at times to permit an interpretation in developmentally palatable terms. The cream, we hope, will come from further experiments in which antibodies or other specific agents can be used to inhibit junction function. The first results of such experiments are just now becoming known to the public and will no doubt open a new page to the story of the role of junctions in development.
